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CLAIMS 



[Claim(s)] 

[Claim 1] It is the CATV architecture which offers the capacity which increased in the reverse 
pass network for a bidirectional cable communication link. Have two or more light / electric 
conversion nodes, and the primary head end [ secondary ], and said primary head end 
[ secondary ] interconnects and sets said light / electric conversion node, and master head end 
to said node and said primary head end [ secondary ]. These are . The up converter which 
carries out the rise convert of two or more RF reverse pass passbands from two or more coaxial 
legs to a passband which is different in reception and said return passband, Have two or more 
DWDM transmitters and said each transmitter has an output on an ITU grid. The consistency of 
the passband where said transmitter was dispersed is transmitted. It has a DWDM multiplexer. 
Said multiplexer a signal from each of two or more of said DWDM transmitters Reception, and — 
Multiplex said DWDM transmitter optically on a single optical fiber, said multiplexed signal is 
routed to said master head end, and it sets to said master head end. The DWDM demultiplexer 
which divides into the independent wavelength the signal received from said DWDM multiplexer, 
Two or more block conversion receivers which change said independent wavelength into 
reception and change said signal into a composite RF signal (BCR), It has two or more block 
down converters (BCD) changed into the RF signal which became independent about said two or 
more reception from BCR, and said signal in said composite RF signal. Said independent RF 
signal outputted from said two or more BCD corresponds to said two or more coaxial legs which 
can be set to each light / electric conversion node. Architecture. 

[Claim 2] Architecture according to claim 1 which said primary head end [ secondary ] has a light 

amplifier further, and amplifies the multiplexed signal with which said light amplifier was outputted 

from said DWDM multiplexer before routing to said master head end. 

[Claim 3] Architecture according to claim 2 said whose light amplifier is EDFA. 

[Claim 4] Architecture according to claim 3 which is the frequency which is 1 set said whose 

wavelength equipped with said ITU grid is spacing of 200GHz, and which was determined in 

advance. 

[Claim 5] Architecture according to claim 1 used in order that a time-sharing point-to-multipoint 
connection (TDMA), Frequency Division Multiple Access (FDMA), code division multiple access 
(CDMA), or all these combination may optimize the throughput of said transport link according to 
the definition with a channel parameter. 

[Claim 6] It is the CATV architecture which offers the capacity which increased in the reverse 
pass network for a bidirectional cable communication link. Have two or more light / electric 
conversion nodes, and it sets to each node. The up converter which carries out the rise convert 
of two or more RF in berth pass passbands from two or more coaxial legs in a passband which is 
different in reception and said return passband, The forward path transmitter which drives with 
the signal which was outputted from said up converter, and by which the rise convert was 
carried out, and transmits the multiplexed signal of the frequency by which the stack was carried 
out, Have the primary head end [ secondary ] which interconnects said conversion node and 
master head end from light to the electrical and electric equipment, and it sets to said primary 
head end [ secondary ]. Two or more forward path block conversion receivers which change into 
reception said multiplexed signal of the frequency by which the stack was carried out, and 
change said signal into a composite RF output (BCR), Have two or more DWDM transmitters and 
each has an output on said ITU grid. RF to which each of two or more of said DWDM 
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transmitters was outputted from two or more one of said the BCR(s) Reception, The 
consistency of the passband where each was dispersed is transmitted. It has a DWDM 
multiplexer. Said multiplexer multiplexes said DWDM transmitter optically on a single optical fiber, 
said multiplexed signal is routed to said master head end, and it sets to said master head end. 
The DWDM demultiplexer which divides into the independent wavelength the signal received from 
said DWDM multiplexer, Two or more block conversion receivers which change said independent 
wavelength into reception and change said signal into a composite RF signal (BCR), It has two or 
more block down converters (BCD) which change composite RF signal into the RF signal which 
became independent about reception and said signal from said BCR. Said independent RF signal 
outputted from said two or more BCD corresponds to said two or more coaxial legs which can 
be set to each light / electric conversion node. Architecture. 

[Claim 7] Architecture according to claim 6 which said primary head end [ secondary ] has a light 
amplifier further, and amplifies said multiplexed signal with which said light amplifier was 
outputted from said DWDM multiplexer before routing to said master head end. 
[Claim 8] Architecture according to claim 6 used in order that a time-sharing point-to-multipoint 
connection (TDMA), Frequency Division Multiple Access (FDMA), code division multiple access 
(CDMA), or all these combination may optimize the throughput of said transport link according to 
the definition with a channel parameter. 

[Claim 9] It is the CATV architecture which offers the capacity which increased in the reverse 
pass network for a bidirectional cable communication link. Have two or more light / electric 
conversion nodes, and it sets to each node. The up converter which carries out the rise convert 
of two or more RF in berth pass passbands from two or more coaxial legs in a passband which is 
different in reception and said return passband, Have the DWDM transmitter which has an output 
on ITU grid, and the consistency of the passband where said transmitter was dispersed is 
transmitted. Have the primary head end [ secondary ] which interconnects said light / electric 
conversion node, and master head end, and it sets to said primary head end [ secondary ]. It has 
DWDM multiplexer. Said multiplexer a signal from each of said DWDM transmitter Reception, And 
multiplex said DWDM transmitter optically on a single optical fiber, said multiplexed signal is 
routed to a master head end, and it sets to said master head end. The DWDM demultiplexer 
which divides into the independent wavelength said signal received from said DWDM multiplexer, 
Two or more block conversion receivers which change said independent wavelength into 
reception and change said signal into a composite RF signal (BCR), It has two or more block 
down converters (BCD) which change composite RF signal into the RF signal which became 
independent about reception and said signal from said BCR. Said independent RF signal 
outputted from said two or more BCD corresponds to said two or more coaxial legs which can 
be set to each light / electric conversion node. Architecture. 

[Claim 10] Architecture according to claim 9 which said primary head end [ secondary ] has a 
light amplifier further, and amplifies said multiplexed signal with which said light amplifier was 
outputted from said DWDM multiplexer before routing to said master head end. 
[Claim 1 1] Architecture according to claim 9 used in order that a time-sharing point-to- 
multipoint connection (TDMA), Frequency Division Multiple Access (FDMA), code division 
multiple access (CDMA), or all these combination may optimize the throughput of said transport 
link according to the definition with a channel parameter. 

[Claim 12] It is the CATV architecture which offers the capacity which increased in the reverse 
pass network for a bidirectional cable communication link. Have two or more light / electric 
conversion nodes, and each node is equipped with the fiber link to the primary head end 
[ secondary ]. Have said primary head end [ secondary ], and said primary head end 
[ secondary ] interconnects and sets two or more of said conversion nodes and master head 
ends from light to the electrical and electric equipment to said primary head end [ secondary ]. 
The up converter which carries out the rise convert of two or more RF in berth pass passbands 
from two or more coaxial legs in a passband which is different in reception and said return 
passband, Have the DWDM transmitter which has an output on said ITU grid, and the 
consistency of the passband where said transmitter was dispersed is transmitted. It has DWDM 
multiplexer. Said multiplexer a signal from each of said DWDM transmitter Reception, And 
multiplex said DWDM transmitter optically on a single optical fiber, said multiplexed signal is 
routed to a master head end, and it sets to said master head end. The DWDM demultiplexer 
which divides into the independent wavelength said signal received from said DWDM multiplexer, 
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Two or more block conversion receivers which change said independent wavelength into 
reception and change said signal into a composite RF signal (BCR), It has two or more block 
down converters (BCD) which change composite RF signal into the RF signal which became 
independent about reception and said signal from said BCR. Said independent RF signal 
outputted from said two or more BCD corresponds to said two or more coaxial legs which can 
be set to each light / electric conversion node. Architecture. 

[Claim 13] Architecture according to claim 12 which said primary head end [ secondary ] has a 
light amplifier further, and amplifies said multiplexed signal with which said light amplifier was 
outputted from said DWDM multiplexer before routing to said master head end. 
[Claim 14] It is the approach of increasing capacity in the reverse pass of bidirectional cable 
communication architecture. The light / electric conversion node of plurality [ architecture / 
said ], a master head end, And it has the primary head end [ secondary ] which interconnects 
said node and said master head end. The step which carries out the rise convert of the step 
which receives two or more RF reverse pass passbands from two or more coaxial legs, and said 
return passband to a different passband, It has the step which transmits the consistency of the 
passband dispersed using two or more DWDM transmitters. Each transmitter has an output on an 
ITU grid. Said signal received from the DWDM transmitter is set to a single optical fiber using a 
DWDM multiplexer. Step multiplexed optically The step which routes said multiplexed signal to 
said master head end, Step which divides said received signal into the independent wavelength 
The step which changes into a composite RF signal the step which receives said independent 
wavelength, and said signal, Step which changes into the independent RF signal the step which 
receives composite RF signal, and said signal How to have. 

[Claim 15] Furthermore, the method according to claim 14 of having the step which amplifies 
optically said multiplexed signal outputted from said DWDM multiplexer before routing said 
multiplexed signal to said master head end. 

[Claim 16] The approach according to claim 14 used in order that a time-sharing point-to- 
multipoint connection (TDMA), Frequency Division Multiple Access (FDMA), code division 
multiple access (CDMA), or all these combination may optimize the throughput of said transport 
link according to the definition with a channel parameter. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

Technical field this invention to which invention belongs is optical fiber coaxial cable hybrid cable 
television (cable television hybrid-fiber-coax) which offers the reverse pass capacity in which 
the network increased generally. Following CATV It is called HFC. About architecture, since this 
invention increases the effectiveness of a return path in a detail further, it is dense wavelength 
division multiplexing (it is called dense wave division multiplexing and Following DWDM.). The 
architecture which includes the optical multiplex one to be used and both the RF multiplex 
multiplex one using a frequency stacking is described. 
[0002] 

Background of invention It is the conventional CATV while unifying a head end. In order to 
develop a HFC network into a bidirectional interactive data communication platform (the cable 
modem and IP telephone through a cable are included), more bandwidth is needed in the pass of 
a forward (forward direction) and both reverses (hard flow). 
[0003] 

Specifically in todays typical CATV facility, downstream contents occupy the 50~870MHz 
frequency part of the network concerned. The return path signal is restricted to the 5~42MHz 
frequency (of course, although the general reverse pass frequency band in the U.S. is five to 42 
MHz, overseas, these range differs, for example, it is five to 85 MHz, and it is clear **** for this 
contractor in the technical field concerned that the concept examined here must not be 
interpreted as being restricted to the present range in the U.S.). If it assumes that it is that in 
which the frequency band used has asymmetry, that reverse pass traffic is restricted first should 
have dramatically large possibility. 
[0004] 

Segmentation (segmentation) was performed as the DWDM system was developed, and 
bandwidth increased. In addition, the DWDM itself can add the fault which did not exist to this 
seed system in the first stage. Furthermore, in order to make effectiveness of bandwidth high, in 
the passband of reverse pass, multiplexing in RF band (domain) using a frequency stacking came 
to be used. That is, implementation of a frequency stacking expands the return bandwidth per 
home pass, enables node size to become still larger, and mitigates system-wide cost by it. 
However, the frequency stacking itself can add a fault to the system concerned also in this case. 

[0005] 

Therefore, this invention is turned to the development problem of the architecture which 
increases bidirectional capacity, without dividing a forward signal and adding a new optical fiber, 
in order to fill the current demand of the multiplexed analog and a digital system and to carry out 
the address of the independent subscriber. 
[0006] 

Outline of invention This invention offers the mixture DWDM using the frequency stacking 
architecture which solves the current demand of the analog multiplexed in order to offer 
maximum capacity based on bidirectional interactive data communication, and a digital system. 
[0007] 

According to 1 operation gestalt of this invention, CATV architecture is equipped with the 
increase of the capacity of the reverse pass network for a bidirectional cable communication 
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link, two or more light / electric conversion nodes, the primary head end [ secondary ] / master 
head end. The primary head end [ secondary ] interconnects light / electric conversion node, 
and a master head end. Two or more RF reverse pass passbands are supplied to both these 
nodes and the primary head end [ secondary ] from two or more coaxial legs (legs), it equips a 
passband which is different in a return passband with the up converter for carrying out a rise 
convert, and it has further two or more DWDM transmitters, and on an ITU grid (grid), each 
transmitter has an output, transmits the consistency of the dispersed passband, and is further 
equipped with a DWDM multiplexer. DWDM multiplexer A signal is multiplexed from each of two 
or more DWDM transmitters to reception, and these signals are optically multiplexed to one 
single optical fiber. This multiplexed signal is routed to a master head end. A master head end is 
equipped with the DWDM demultiplexer for dividing into the independent wavelength the signal 
received from the DWDM multiplexer, two or more block conversion receivers (BCR) for changing 
the independent wavelength into reception and changing these signals into a composite RF 
signal, and two or more block down converters (BCD) that change a composite RF signal into the 
RF signal which became independent about reception and these signals from two or more BCR 
(s). The independent RF signal outputted from two or more BCD corresponds to two or more 
coaxial legs (foot) which can be set to each light / electric conversion node. 
[0008] 

Other embodiments of this invention contain the light amplifier which amplifies it before the 
multiplexed signal outputted from the DWDM multiplexer is drawn by the master head end in the 
primary head end [ secondary ]. In 1 specific operation gestalt, a light amplifier may be erbium 
addition fiber amplifier (EDFA). 
[0009] 

The mode of further others of this invention includes code division multiple access (it is called 
CDMA Code-Division-Multiple-Access and the following.), Frequency Division Multiple Access (it 
is called FDMA Frequency-Division-Multiple-Access and the following.), time-sharing point-to- 
multipoint connections (it is called TDMA Time-Division-Multiple-Access and the following.), or 
all these combination, in order to make it possible to attain an available capacity of the transport 
link defined with a channel parameter. 
[0010] 

Other operation gestalten of this invention are turned to the approach for increasing the 
capacity in the reverse pass of the primary head end [ secondary ] which interconnects 
bidirectional cable communication architecture, the architecture which has two or more light / 
electric conversion nodes, a master head end, and a node and a master head end. The step of 
this approach is as follows. Namely, the step which two or more RF reverse pass passbands are 
supplied from two or more coaxial legs, and carries out the rise convert of the return passband 
in a different passband, It has the step which transmits the consistency of the passband 
dispersed using two or more DWDM transmitters. The step which multiplexes optically the signal 
which each transmitter has an output on an ITU grid, and was received from the DWDM 
transmitter on a single optical fiber using a DWDM multiplexer, The step which routes a 
multiplexed signal to a master head end, and the step which divides the received signal into the 
independent wavelength, It has the step which changes the independent wavelength into 
reception and changes those signals into a composite RF signal, and the step which changes a 
composite RF signal into the RF signal which became independent about reception and those 
signals. 
[0011] 

Detailed description From the head end to the home, a common CATV system is almost 
restricted to "one direction transmission", and is designed. Generally, activation of a return path 
was loaded, when the load was light, it was made main, and was used for the terminal unit or the 
low-speed communication link with a set top box. The latest utilization of DWDM in CATV is 
motivation **** by the need of increasing bidirectional capacity and a transmission access rate 
remarkably, without adding a new optical fiber. 
[0012] 

This invention is hybrid DWDM/FSS which increases the capacity of a reverse pass network. 
CATN architecture is offered. Therefore, this invention raises substantially the capacity to 
perform bidirectional interactive multimedia communication in the existing CATV system, without 
adding a new optical fiber. [0013] 
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DWDM and the frequency stacking system which are the specific operation gestalt of this 

invention are explained below. 

[0014] 

I. DWDM The DWDM system in todays CATV is only for 1550nm light windows (its loss of an 
optical fiber is low, and since erbium addition fiber amplifier (EDFA) can be used for this 
wavelength window in order to use that it is about 0.22dB/km and low loss in 1550nm 
wavelength, it is mainly attractive). The wavelength which consists of an ITU grid is 1 set of the 
actual predetermined frequency by which wavelength may be drawn from there like 1 set of for 
example, 100GHz spacing. Wavelength spacing is about 0.8nm and the wavelength range covers 
an EDFA band to about 1530 to 1570nm. Of course, no wavelength needs to be used in the 
system of arbitration, and a commercial product is equipped with the proposal conditions of 
various individual special make articles, and is available in 100,200,400GHz spacing. In the 
desirable operation gestalt of this invention examined in detail below, selected spacing is 200GHz 
and is the approachability of these wavelength that makes a system "high density" (this 
distinguishes a DWDM system from some existing CATV systems which use the combination of 
1310nm and 1550nm wavelength in WDM arrangement). When a CATV technical term is used, the 
RF signal transmitted through a single mode fiber (SMF) cable, for example using a DWDM 
transmitter (it is (like [ FIG.3A shown below and 3B ] a transmitter 320)) is a digital signal which 
uses for example, a QAM modulation (however, of course, there may be what is also been the 
combination of an analog signal or a digital signal, and an analog signal). A QAM channel is the 
subcarrier multiplexed in special light wave length (vocabulary called QAM, digital one, the 
service by which the target was carried out, or a DWDM signal is used possible [ some parts 
****** ]). 

[0015] 

Generally, FIG.1 shows the configuration of the conventional optical fiber coaxial cable hybrid 
(HFC) TV network architecture. As shown in drawing, the signal from the master head end 10 is 
connected to the 2nd order "a hub" in the primary head end [ secondary ] (12a, 12b, 12c) / 
large metropolitan area (14a, 14b, 14c, 14d) through "Maine" or a "primary optical fiber" ring. A 
signal is transmitted through a single mode fiber (SMF) for example, using the 1550nm (external 
modulation EM) DFB laser transmitter. A composite signal may be the mixture of a traditional 
broadcast analog signal and an MPEG compression digital video, for example. In the primary 
secondary head end which can hold a synchronous light network (SONET) facility and a cable 
modem end system (CMTS), a router, and the server for high speed data, a lightwave signal can 
be changed into a RF signal and it is after that, for example, in order to transmit to various 
optical fiber nodes (16a, 16b, 16c, 16d) using a 1310nmDFB laser transmitter, returning to a 
lightwave signal is possible. 
[0016] 

FIG . The coaxial cable part of network architecture shown in 1 consists of for example, an RF 
amplifier, a tap, and a coaxial cable, and occupies the spacing distance to the home of the 
corresponding subscriber by whom the set top box is installed there from each optical fiber node 
(16a-16d). 
[0017] 

FIG . 2 is the typical explanatory view of multiplex AM / DWDM subcarrier multiplexing (SCM) 
network architecture for QAM channel transport. In this network architecture, the master 
television head end 10 is connected to the primary head end (12a, 12b, 12c) in a large 
metropolitan area through the Maine optical fiber ring, generally the analog and digital video 
program in the master head end 10 are received through a local video server through satellite 
broadcasting service and ground broadcast (for this contractor in the technical field concerned, 
"impregnation is possible for an analog signal similarly in" the primary secondary head end — or 
it is clear **** that it is ability ready for receiving). Super-high video tolan king capacity is 
attained by using dense wavelength division multiplexing (DWDM) and multiplexing it with the 
erbium addition fiber amplifier (EDFA) (23a, 23b, 23c) by which cascade connection was carried 
out. the passband traffic for which two or more wavelength in 1550nm band transmitted with 
each wavelength as a composite signal of AM and a digital video signal used 64/256-QAM in the 
primary optical fiber ring — or it is the subcarrier multiplexed in baseband traffic like OC-48 
(SCM). A secondary optical fiber ring connects various primary head ends to a secondary head 
end. In a secondary optical fiber ring, very much, it dissociates and a small number of wavelength 
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is transmitted using 1550nm or 1310nm laser transmitter equipped with EDFA by which cascade 
connection was carried out. In a secondary head end, the broadcast traffic of 1550nm base may 
be switched to the traffic of 1310nm base for broadcast for specific areas, and general 
broadcast both services. In each optical fiber node, using an optical receiver, the lightwave signal 
transmitted to the downstream in different wavelength is changed into an electrical signal, is 
returned, and is transmitted to each subscriber through a coaxial cable facility. 
[0018] 

The master head end 300 (FIG . it corresponds to the reference number 10 of 1 and 2) simplified 
in order to carry out the address of the return path, the primary head end / hub 330 
(respectively — FIG. — reference numbers 12a, 12b, and 12c of 1 and 2 — ) [ secondary ] And a 
node 360 (FIG . it corresponds to node reference number 16a~16d of 1 and 2) is shown in FIG.3A 
and 3B corresponding to 14a, 14b, 14c, and 14d. This drawing is the generic name architecture 
for DWDM overlay of the conventional hybrid optical fiber coaxial cable (HFC) TV network (since 
it is typical, please merely care about that an optical network assumes FIG.3A and 3B to be what 
stops in 1 550nm window from a master head end to a node), and is equipped with the external 
modulation analog transmitter source 305 and the external modulation DWDM transmitter 320 (of 
course, even if this is not a DWDM external modulation transmitter but a direct modulation 
transmitter, it does not interfere). FIG . As shown in 3A and 3B, a master head end is 300 as the 
aggregate. The primary head end/hub are 330 as the aggregate, and a node is 360 as the 
aggregate (for this contractor in the technical field concerned, although illustrated in this way), 
(they are **, such as 360a and 360b, according to an individual) [ secondary ] it is clear **** 
that joint installation of the ITU transmitter does not necessarily have to be carried out with a 
broadcast transmitter. 
[0019] 

The DWDM transmitter 320 currently installed in the master head end in drawing is equipped with 
the laser module which offers a means to modulate the source which has bias, temperature, a 
front-end strain circuit, monitor control, and RF contents. The RF contents concerned are either 
an analog broadcasting television signal or the target-ized service QAM signal. A modulation 
technique is [ either ] external (the balanced bridge Mach TSUENDA interferometer 
[ MODIFAIDO / interferometer ] is used), or direct (the actuation current direct control of laser 
is used). 
[0020] 

The output of the analog transmitter source 305 is transmitted to primary / secondary head end 
through the 307 or 40km standard (becoming with distributed shift fiber) single mode fiber (SME) 
by which optical amplification is carried out to the saturated level (for example, about +17dBm) 
(again). The die length of SME is again amplified by the erbium addition fiber amplifier (EDFA) 335 
offered as a typical value, and is separated into the output number which suits the number of the 
service wavelength of a target by the optical separator 340. 
[0021] 

After separation, an analog signal is multiplexed using QAM wavelength in the analog-to-digital 
coupler 350, it dissociates again and a composite signal can be used for the node 360 of a large 
number by which wavelength of arbitration is target-ized. In this generic system, from the 
primary head end [ secondary ], a node 360 is " 20km " away, is located, and is connected using 
Criterion SMF (please care about that there may be two or more nodes by which it was target- 
ized per wavelength especially in the initial development stage where a subscriber's tee crate is 
low corresponding to the low bandwidth requirement per node). 
[0022] 

FIG . Please return to 3A and 3B, and in the system as this example, although the DWDM laser 
source is the external modulation transmitter 320 similarly, understand that the direct 
modulation source is also usable. The wavelength of eight pieces shown in drawing is combined 
with one single optical fiber in a multiplexer 325 (the wavelength of eight pieces can be 
multiplexed using 200GHz spacing). Multiplexer 325 (and demultiplexer 355 described below) 
component combines various ITU grid wavelength through a low loss coupler, carries them in one 
single optical fiber (next, such wavelength is separated in order to place a demultiplexer 355 on 
the optical fiber according to individual), and is used for a sake. Although Criterion SMF is 40km 
in die length although SME may be the die length of arbitration, of course, and the optical fiber 
which conveys an analog signal, and distinction are possible, these can carry out the location to 



JP,2003-524313,A [DETAILED DESCRIPTION] 



5/9 s<— v 



the same fiber optic cable bundle (each fiber optic cable bundle is constituted by two or more 
optical fibers). The wavelength with which it was mixed after 40km in the primary head end 
installation [ secondary ] is amplified by EDFA357, is after that and is separated by the optical 
fiber 355 according to individual. As already annotated, each target-ized service wavelength is 
combined with one of the separated analog signal outputs, and is distributed to a node 360 
through one single optical fiber which conveys both an analog and a digital signal. The optical 
fiber node 360 is equipped with the receiver which detects an analog and QAM both signals for 
the distribution which minded RF facility exceeding the node. 
[0023] 

Furthermore, by maintaining the actuation to a symmetrical network, the return path shown in 
the DWDM overlay system of FIG.3A and 3B is reflecting the return path of downstream pass. It 
does not generate so mostly in the single optical fiber of a DWDM system, but an example of this 
reflection outside is generated in the return part from the node 360 to the primary head end 
[ secondary ] 330. A return path is managed as a 2 hop process. In the system shown in drawing, 
the location of the 1310/1550nm laser (generally DEB) by which temperature compensation was 
carried out is carried out to a node 360. The time amount and the Frequency-Division- 
Multiplexing RF signal from each home which receive service of this node (for example, 1000 - 
1200 subscriber) drive the DWDM laser 385. An optical output is sent to the primary head end 
[ secondary ] 330 across a link (shown as "20km"), and before carrying out direct modulation of 
the ITU grid DWDM laser transmitter 385, an output is detected by the return receiver 380 and 
amplified here. Laser 385 is transmitted exceeding 40km, is returned to the master head end 300, 
and is one in some laser after it which combines all return paths with one DWDM set for 
processing. Each of DWDM wavelength can treat the return traffic from a major node 360 using 
time amount, a frequency, or sign division multiplex combination. 
[0024] 

As already annotated, the network solution shown in FIG.3A and 3B assumes that an optical 
network stops in 1550nm window from a master head end to a node. However, when the existing 
system uses a retransmission method in the primary head end [ secondary ], saving as many this 
substructure as possible is left behind as a target. To a convenient thing, DWDM is still usable, in 
order to offer the broadcast overlay for specific areas. 
[0025] 

II. frequency stacking In a frequency stacking system, as for a 5~42MHz return passband, a block 
rise convert or the shift to other frequency passbands is performed. This is carried out in the 
node located in a site so that it may carry out in the primary head end environment 
[ secondary ] or may inquire here. The main advantages which carry out a frequency stacking 
system (FSS) Are that the return bandwidth per [ which is passed ] home is extended, and still 
larger node size becomes possible by this, and if it pulls System-wide cost is mitigated (still 
more clearly, operation of FSS offers an escape, by this, if the number of users is the same, it is 
still more nearly usable in high speed, or a system can have many users further). 
[0026] 

FIG . If a "general" node configuration is observed as shown in 4, all the users supported by the 
node concerned will share a return path spectrum. If this is a 1200 home pass node, each pass 
home will have the guaranteed simultaneous bandwidth of about 29kHz (this can be assumed to 
be what has available 35MHz of the whole, therefore can assign bandwidth dynamically). FIG . As 
shown in 4, namely, **, such as RF leg #1 and RF leg #2, are RF combined with one stream. [ a 
coaxial bus ] 
[0027] 

Adding further many transmitters by combining with separating RF pass in a node can increase 
bandwidth. However, this approach has a fault. If it exceeds adding one more return transmitter 
to the node concerned, capacity is only doubled as a result and the problem of optical fiber 
utilization availability can serve as a limiting factor. In order to attain the bandwidth per home 
pass of the same level as FSS, three additional transmitters and an optical fiber will be needed. 
[0028] 

An FSS method uses a rise convert in the node concerned, in order to make four passbands as 
an object for returns. In this method, each leg has 35MHz spacing of itself. RF stack of the four 
passbands is carried out, and they are sent to return laser. FIG . 5 and 6 show this arrangement 
configuration. 
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[0029] 

FIG . As shown in 5 and 6, four main components relevant to an FSS system exist. That is, they 
are an up converter, a transmitter, a receiver, and a down converter. Regardless of application 
being the hub base or the node base, these components are common in a function. Suppose that 
each of these components is examined briefly [ a degree ]. 
[0030] 

A frequency stacking is started by the up converter 500. This device arranged simply treats two 
or more return passbands, and shifts them to the passband where the others in a spectrum 
became independent in the condition of having maintained the information which carries out the 
location to the original passband. FIG . In mounting shown in 5 and 6, the rise convert of each of 
RF leg is carried out to the passband where it differs in a 50-400MHz passband. A pilot carrier 
achieves two main functions, namely, compensates the link loss range introduced into the 1st by 
the optical network. It is used in order to carry out a face lock to an up converter and to 
eliminate [ 2nd ] a frequency offset by it. 
[0031] 

The transmitter used for this application is not a standard product but a band-limited return 
path transmitter. In this mounting, the forward path transmitter 510 designed so that it might 
operate in a 50~400MHz passband is used in order to transmit the signal by which the rise 
convert was carried out from the up converter 500. [0032] 

The FSS receiver (BCR) 520 also differs from a normal return path receiver (FIG . RPR 410 of 
4). Also in this case, the receiver 520 selected for forward paths offers a composite RF output. 
In this passband, four bands by which the rise convert was carried out are included with a pilot 
carrier. In order to recover the independent band, a means to return the band by which down 
convert processing was carried out with the down converter 530, consequently the rise convert 
was carried out to the original 5-42MHz spectrum of them is offered. Using a pilot carrier for 
frequency-synchronization-izing, the block down converter (BCD) 530 reverses the process 
started in the node concerned, and offers four independent 5-42MHz passbands per every ** to 
each of the band by which the rise convert was carried out. Next, these outputs are supplied to 
return division / joint network, and end in the service demodulator according to individual 
eventually. 
[0033] 

Coupled systems of III.DWDM and a frequency stacking With reference to the above-mentioned 
description about DWDM and an FSS system, FIG. 7 thru/or 9 show the 1st [ of the coupled 
systems according to this invention ], 2nd, and 3rd operation gestalt, respectively. Each 
approach operates in cooperation so that typical coupled systems may be enabled to increase 
network return distribution and the effectiveness of return transport both aspects, and to have 
32 5-42MHz return bands in one single optical fiber, the main differences between operation 
gestalten will be clear from the following description — they are the installation of an ITU grid 
transmitter, and the installation of a frequency stacking system like (FIG . the network 
architecture of 7 owns a DWDM transmitter in the primary head end [ secondary ], FIG. 8 own a 
DWDM transmitter in a node, and FIG. 9 own a DWDM transmitter in both a frequency stacking 
system and the primary head end [ secondary ]). 
[0034] 

FIG . The ITU grid DWDM transmitter 750 is located in the primary head end [ secondary ] in the 
1st operation gestalt of 7. As shown in drawing, this configuration carries out the rise convert of 
the return path signal using the up converter 766 in a node location (the node as an aggregate is 
760). These signals are received by the forward path block conversion receiver (BCR) 735 by 
transmitting to the primary head end [ secondary ] and returning through an optical distribution 
network. 
[0035] 

Next, unlike the standard FSS network which sends RF output from a receiver to a down 
converter, RF output in the 1 st operation gestalt of this invention is routed to the DWDM 
transmitter 750 which has output wavelength in an ITU grid. FIG . The specific operation gestalt 
shown in 7 has the high density object of four discrete-type 5-42MHz passbands in each of 
these transmitters (of course, this contractor in the technical field concerned), he should 
understand being restricted [ how many laser even if the number of the passband of each 
transmitter is larger than the passband of "4" individuals shown in drawing, it cannot interfere, 
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and can be treated actually ] — it comes out. 
[0036] 

For example, if 200GHz spacing is used, the configuration of FIG. 7 can multiplex eight 
transmitters 750 optically (multiplexer 760). In this case, each transmitter has the ITU grid 
wavelength from which itself differs on one single optical fiber, 32 discrete-type 5-42MHz 
passbands (1.12 GHz) are offered on a single optical fiber, and association of FSS and DWDM 
illustrates clearly whether reverse pass traffic carrying capacity is increased substantially 
however by it. Next, a signal is routed to a head end (please care about that it may be required 
according to requirements, such as a related distance and redundancy, that a light amplifier 
should suit the input requirement of a head end receiver). 
[0037] 

a lightwave signal is separated by the demultiplexer 770 in a head end (the typical demultiplexer 
shown in drawing — setting — the wavelength of eight pieces). The independent wavelength is 
routed to a receiver (it is one to each wavelength) BCR780. These receivers are the same as 
the receiver used in order to receive multiplex [ by which the frequency stack was carried out in 
the primary head end / secondary ]. In this point, an FSS system can be completed by routing a 
composite RF signal from BCR780 to a down converter 790. The 5-42MHzRF output of four 
pieces from a down converter 790 corresponds to four coaxial legs which carry out Iriki to the 
field node 760, and may be routed to various return path application receivers. 
[0038] 

However, if it carries out from a viewpoint of communication system, there is no requirement of 
the proper about the activity of a down converter, and it is important to care about that it is 
dependent on hardware mounting rather. Mounting of the primary master head end receiver 
[ secondary ] can predict the RF signal in a 5-42MHz range, it can design it so that frequency 
conversion of the spectrum of this range may be carried out about the processing which follows, 
and it may need the component of a down converter by it. The need for a down converter 
component should be eliminated by mounting these receivers using the input bandwidth capacity 
which corrects, instead contains an FSS spectrum. For example, instead of two down convert 
components before processing (one which is the exterior for a receiver, and 1 of a receiver), still 
more efficient mounting arranges one single down convert in a receiver using the classic CATV 
tuner technique about the front end of the recovery function in a receiver, and is **** which 
can attain this. 
[0039] 

FIG . The case of FIG.7 and the component of the same number are mounted in the 2nd 
operation gestalt of this invention shown in 8. However, as already stated, in the 2nd operation 
gestalt, a DWDM transmitter is driven by the RF signal by which has been arranged (FIG . 865 as 
the aggregate in 8), and the stack was carried out into the node. Therefore, by the ITU 
transmitter (866 as the aggregate), the independent wavelength is transmitted to the primary 
head end [ secondary ], and is returned. 
[0040] 

In the primary head end [ secondary ], a lightwave signal is routed directly to a multiplexer 860 
(since it is possible to originate in nodes differing to an OTN loss budget, and to have different 
optical level, it should be understood that some level of signal equalization may be needed). The 
output from a multiplexer 860 is sent to a master head end in the same method as the 1st 
operation gestalt. Furthermore, the primary head end component [ secondary ] of the 2nd 
operation gestalt is assembled like them in the 1st operation gestalt. 
[0041] 

One main advantage about the approach of the 2nd operation gestalt is a decrement of active 
equipment located in the inside of the primary head end [ secondary ]. FIG . As shown in 8, it is 
not necessary to change a lightwave signal into a RF signal and to return it. Although this 
multiplier should improve the engine performance, a transmitter will be put on the environment 
which is not still better in that it is one of the technical problems not only related to the 
technical combination temperature stability is described to be here but the DWDM itself 
[0042] 

FIG. 9 show mounting of the frequency stacking of the primary head end base [ secondary ], and 
a DWDM system about the 3rd operation gestalt of this invention. As shown in drawing, all of 
both the frequency stacking system (although shown as 4 or a 8 band system, about the detail, it 
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is already examination ending) 900, and the DWDM laser 910 a-d/DWDM multiplexer 920 are 
arranged in the primary head end [ secondary ]. It sets to the primary head end [ secondary ], 
and the output of an optical fiber node is the dual receiver RPR / 2. It is received by 930. 
[0043] 

The version changed slightly [ the 3rd operation gestalt ] can be mounted similarly, every for 
which it supposes that it returns and refers to to the network architecture shown in FIG.2, and 
reverse pass data use the frequency stacking (FS) approach in a secondary hub (or 1st order) 
like the 3rd operation gestalt shown in FIG.9 — collecting, since a DWDM laser transmitter is 
driven is possible. Generally the reverse pass data transmission from each subscriber is one of 
the three fundamental multi-access methods. That is, it is the combination of the arbitration of 
code division multiple access (CDMA), Frequency Division Multiple Access (FDMA), time-sharing 
point-to-multipoint connections (TDMA), or these methods. In order to guarantee that capacity 
which increased is realized, the efficient activity of a reverse pass link uses the combination of 
the arbitration of CDMA, FDMA, and TDMA with the DWDM/FS network architecture put 
together, in order to optimize the activity of a channel. 
[0044] 

Therefore, in each operation gestalt of this invention, a frequency stacking system increases 
reverse pass traffic carrying capacity remarkably. This is shown in FIG. 10 which show the 
composite RF spectrum of four return path frequency blocks (five to 42 MHz) by which the rise 
convert was carried out. In this example, reference pilot fundamental tone (tone) is generated 
more than a pay-load multiplexer, in order to compound 4 band stack. Pilot fundamental tone 
(tone) is transmitted with the signal by which the rise convert was carried out, synchronizes 
lower part conversion, and in order to remove all frequency-offset errors, it is used by it in a 
block down converter unit. Next, since each of a DWDM reverse laser transmitter is driven, a 
composite RF signal is used. A DWDM laser transmitter may be a DFB laser transmitter 
modulated in one of direct or the exteriors which operate in 1 550nm wavelength band. A 
multiplexer 920 multiplexes optically the signal from DWDM transmitter 910 a-d like the case of 
a front operation gestalt in one single optical fiber which should be routed by the head end. In 
this case, a lightwave signal can be amplified and is optically divided into four different optical 
receivers. The output composite RF signal from each optical receiver is transmitted to a block 
down converter unit, and the 5-42MHz band according to four individuals is extracted here. Each 
of a high-speed-data band is routed again to a return path application receiver. 
[0045] 

FIG . 1 1 shows the combined FSS/DWDM escape process. As shown in drawing, one traditional 
37MHz segment of singles shared offers 74kHz per home (as opposed to a 500 home pass node). 
Mounting of a frequency stacking (four bands) increases a share segment to 148MHz, and 
increases the return bandwidth per home to 296kHz by it. However, mounting of both a 
frequency stacking and DWDM increases a return path bandwidth segment by 32 times, i.e., 
1 1 84MHz, the return path bandwidth segment, and increases return bandwidth to 2.368MHz per 
home by it. 
[0046] 

Therefore, the architecture of this invention is suitable for mounting to the existing system 
which offers the capacity which increased in the reverse pass network, and has the limit about 
an optical fiber good. 
[0047] 

Although various operation gestalten are illustrated concretely and described here, being 
contained within the limits of an attachment application for patent shall be recognized without 
modification and an alteration of this invention being covered by the above-mentioned 
instruction, and deviating from the meaning and the range of this invention. 
[Brief Description of the Drawings] 

The above and other objects of this invention, the description, and the advantage should become 
still clearer from the following detailed description by reading with reference to the 
accompanying drawing shown below. 
[Drawing 1] 

FIG . 1 is the conventional common tree and conventional branch block diagram of optical fiber 
coaxial cable hybrid (HFC) TV network architecture. 
[Drawing 2] 
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FIG . 2 is drawing showing DWDM subcarrier multiplexing network architecture. 
[Drawing 3] 

FIG.3A is drawing showing the general architecture about DWDM overlay of a Standard C ATV 
negotiation system. 
[Drawing 4] 

FIG.3B is drawing showing the general architecture about DWDM overlay of a Standard C ATV 
negotiation system. 
[Drawing 5] 

FIG . 4 is the block diagram of a general node configuration. 
[Drawing 6] 

FIG . 5 is the block diagram of a common frequency stacking system (FSS). 
[Drawing 7 ] 

FIG . 6 is drawing showing the 1st operation gestalt of the architecture by this invention which 
combined DWDM and an FSS technique. 
[Drawing 8] 

FIG . 7 is drawing showing the 1st operation gestalt of the architecture by this invention which 
combined DWDM and an FSS technique. 
[Drawing 9] 

FIG . 8 is drawing showing the 2nd operation gestalt of the architecture by this invention which 
combined DWDM and an FSS technique. 
[Drawing 10] 

FIG . 9 is drawing showing the 3rd operation gestalt of the architecture by this invention which 
combined DWDM and an FSS technique. 
[Drayy|ng 11] 

FIG . 10 is drawing showing the composite RF spectrum of four return path frequency blocks by 
which the rise convert was carried out. 
[Drawing 1 2] 

FIG . 1 1 is drawing showing the escape of bandwidth which the frequency stacking and the 
DWDM return path combined, and by which system offer is made. 
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i] n»H^«i#3cs»g (t dm a) , mmkfrM&jmiR (fd 

MA) „ (CDMA) „ Xl±Z.*lh<7>&h®2>m.&^fiK f-^ 

^ * )Vs^7 * - 9 K & Z'm.^K'ljt'DXmtZ Y ^VT,^- h 'J > ? <DX)P~- ~? y b 
**3S-fbr* «> ffl V>£> tL4 S&J&g 9 fcf£««9 * r- * -r o 

K*#U K*«l#:/ 2^^ y Kx> K^<£> 

3fe7r^^U>^*M, ttfie m/2^A^ Kx> KSr^rt, HffE 1 ^/ 2 

DWDMvjvf^k^f^tu, siriav^^7'i^^^^SrriaDWDMji#a^ 



(6) ^2 00 3-5 24 3 1 3 

WIS DWDM'7;vf7'l/^t^fiSlt^o T^IB^ L fc Sfeft^^Kti" 

4**O^B^«»5i« (BCR) fc, 

a > *° V y h R F #^^*fffB BCRjJ^^tWiJ, *o«rfl&IB# £$u£ t R 
Fit «lt^.«l<0^n '7 ? >3 ? (BCD) t^^L, 

8t«tf>frfBB C D h mti $ tL^HtfE^ Lfc R F##j&«#3fc/«&g£lfcy' - 
F K £ & Ht&aiffift fttt ^ r n«-jfe-f & 

[tt$fi 1 3 ] itfB 1 ^/2^<D^ y Kx> K^M^^tl^^^- L, HUE 
3fcJi tB^HirlE D W D fr<f~ V ? y-fr t> S ft tz miB#M^## £mtB v 

«r#U I TU^'J ? F±fcttl;tJ*#U 

o iz tSffB## * ?<S3: U tz K frWtr & X -r ? 7 s £ , 
miB»5: LfcifcR££»tJ|fc£ ^ -r y -f&Vtmm^* a > y h R F€^tc 



C7) 00 3-5 243 13 

im&mi 6] mm^m^yt^m (tdma) , m^^m^yumm (fd 
ma) > ft-^frm&Ttmm ccdma) > xteztih<D&t>®z>m&^*K 



C8) ^2 00 3-5 243 1 

[0 0 0 1 ] 

■4s*M$hfr — ^Hi^^^Vr Hf (cable television hybrid-fiber-<:oax > 
JJITCATV HFCb^,) 7-^f^^:|L, MKfNfflKtt> 
fi> i ; ^-^^^O^J^*ii>k:-rS7ti6^^^^M!|#M (dense wave div 
ision multiplexing, ^TDWDMiv^o ) £/iV>;g,3£#S£ , * ? 

[0 0 0 2] 

Kx^ K 1 1 4) fc % t*»CATV b 7-* £81 

T'A&t^I P*a&*-^tp) ^3&1I$-£SK{}, 7*7- K (ffi^fnj) &EF'J^- 
[0 0 0 3] 

h7-^<755 o-87 omh z y 

^ff«5 - 4 2mh zfflmmzmmi*tix\,*z> (torn, *s^*it*-«tfl9 

^ 'J /^^^tMIttt 5 - 4 2 MH z ^J-*V*TJ4, Z-<Dm 

[0 0 0 4] 

DWDM^f A fi, KI&SftiteojitT-fe^;* >f-> a > (segmentation 



(9) t*2003-5243 1 3 

[0 0 0 5] 

if asfe? t >r /<*anni-r* £ t & l r - * -r * * <r> 

[0 0 0 6] 

&x 9 v * y * r- * ^ * /:ISDWDM^fifttS 0 
[0 0 0 7] 

y-Ktm/2^A 7 Kx>K(j: 1 fbfc, ^&<E> I^IA V v 7 (legs) ^ 

#iiHiiiTU7';yK (*m ±tcaij^^L, liiL^i 



(10) mm.2 0 0 3-5 24 3 1 3 

»yn^fMfl (BCR) fc, »BCR^f,a>^7 fRFf 
(BCD) t^MS, »BCD^f){li*?tL/:iilfcRF 
[0 0 0 8] 

M"7 T^igAS^ (ED FA) oTU V^> 0 
[0 0 0 9] 

#7n^ (Code-Division-Multiple-Access^ J^t. CDMAtv»% ) „ Ji$E 
%tfrM&yumm (Frequency-Division-Mjltiple-Access^ FDMAtV^ 
o ) ^ ^mfrM&jtmm (Time^ivision^lti^le^ccess, j^t. T DMA t 

[0010] 

-r&fr*., ft^nit w y r f u a - x^uiiaf 

ttlfc*) D W D M £ m v> T Mltk t fc it O^Jg * fSjfT & * r- ? y° t £ 
tU MfililTU^'Jy Kifcffi^fctfU DWDMIil^^ltlto 

d wd m v >i/f- 7 s v ? *r *m ^x^-fty r 4 ^± k& ^xyt&m k# 



(11) ^2 00 3-5 243 1 3 

[0011] 

TW^o CATV &£33lj"& DWDM(D#ffiOflJi li^ Df A: r >f ^ rfciiiW*- 
[0 0 12] 

o 

[0 0 13] 

[0 0 14] 
I. DWDM 

^H<7>C AT VKisltSDWDM^-r A tt, 1 5 5 0 nm^f -f > K9*/B 
-e*^> ^ > K?W\ ±tLT, f7 7^^«t<, 15 50 

Cxjuf^; A y^Ju y 7 4 'Wm® (ED FA) it^T^(7)-e«^ffij 
o I TU^'J y K*^**»[*li, Wx.lfl 0 0 G H z WRS<0 l|a<7)J; 



C12) ^2 00 3-5243 1 3 

J*$}0. 8 nm-C*l9, &ftl£B]ttft 1 5 3 0)5^ 1 5 7 0 nrnffEDFAf 

& < , mmm&i±M* %m%ms,<vmm&i*zffix-r 100, 200, 400G 

J&MK&^Tlt, IJl$*LfcWHli2 0 0 GHz-C*t)> ->^t-A£ |"jS?lfJ£J 
fc^*£*Lk»:K<&&®13rC<fc* WDMEfK*v>Tl 3 1 0 nmt 

1 5 5 0 nmtg^li-g-t^ttfflt^Ifj^IffCATV^XfA^fjDWD 
M^7f A^rKSil-rs i><D-C&&) o CATV*RIMv»4t, Wx.lfDW 
DMlfl (MTi:*tF I G. 3 A, 3 B Kj£#$S 3 2 0 (O «fc 9 &) ML 
Tf-t-f^y-fA (SMF) ^~^;v£^LTfSM$tt&RF'fg-5§-te, 
IfQAMli^fffltSf^^^ft^S (fc/iU #7Ift, T^n^##Xii 
^^JVfg^^T^n^^coia^T^Si fc o QAMft> 

*;Wi, MJ&^gfc^T^MiSftfc^:^^ U (QAM, t*3> 

[0015] 

— j&fc. FIG. 1 lilfeJfcO^^r^/tRm^r-^iiift (HFC) TV** 

A7Fx>K (12 a, 12b, 12c) Xli^l^f^B (14 a, 14 b, 
14 c, 1 4 d) K*5»t* 2^ [V^J KmWlZ H&o jg^li, 1 5 5 0 

nmmmm (EM) OFBlz-f^ii^ffl^tf-^- K7 7^^ (SMF 

SONET) !M, fr^tm, ^-r^^Aj^Sv-*^ A (CMTS) , 

^^^^-^ffl^-z^^iKWHTt^ 1 Xf 2 y V^y K-tej3V*t\ 
^#^{iRF#^lC^Rr^-e*>V?, «i.lfl3 lOnmDFBW 

•9*3§l#«*fflv>T, i*^7r^^V- F (16 a, 16b, 16c, 16d 



(13) ^200 3-5243 1 3 

[0016] 

F I G. 1 K7jk-r*y h T 7-?T-*r??~Wffl$&r-7*)l<ffifrl±, M?Ll$ 

> RFitw> mm<r-y f fr'?n&zti, »7^^v - k (i6a 

[0017] 

FIG. 2 fi. ^lAM/QAMft > ■?> MDWDMf 7"^ 

f 'J T#lft (SCM) * y h 7~^^?-^ : ftMlft&t£§J!0^&&o 

^>3fc7 7^An^HLt^ ^^V^t^S^felt^ l#c^y Ki> F (12 
a, 12 b, 12 c) ^M?^o ^^^^yFx^KlO^^lt^Ttn^ 

, (dwdm) &^jbu m.mmm^fitz^)V}£^ ^mmy 

T-f/^flltfr (ED FA) (2 3 a, 2 3 b, 2 3 c ) K X V) #4^^, £ t 

t«3>*°yy hM-^-t LT#^S<t*M:5:j£$tt*: 1 5 5 0 nml«ft^)«| 
0$t:Ri;)U 6 4/2 5 6 -QAM^fflV>^ifiaiWJ^b9^y^^. XfiOC-4 

8<dX *) %s<-Zs^> Fh5t7^i;*^TM^ (S CM) ztifciry** v V 

^^i-^o 2^7 7^;^'j>^^t, r <^sfe^jft«**^*$*L, mm 

mUZtltcED FA&ffiJLfc 1 5 5 0 nmXli 13 10 nrnV-flff^fflV^ 

?\±. &fe&t&\fttf1km&rf-fflkmny-~-¥xm<D 1 3 1 onm^x^)^ 



(14) ^2003-5243 1 3 

[0 0 18] 

U 9~>^*T YV^-t^tzmz.^ ffimtZtltz^rxV^y F3 0 0 

(FIG. 1 RV 2 <*>#H## 1 0 KttB-t& ) > 1 ^K/ 2 %z<D^ yKxv F/ 
3 0 (^tL-etLFIG. l&tf 2<0#flH##l 2 a, 12 b, 12c>S 
0*1 4 a, 14b, 14c, 14 dKttm-t&) , K3 6 0 (FIG. 

1 JRtf 2 CO J - F#J|R## 1 6 a - 1 6 d K«-JEB-r* ) * F I G . 3A, 3BC 
^i~o i^Hfi, l*«)I)l*7 7^W-^ (HFC) TV^?F7- 

, FIG. 3 A, 3 Bitit^v F^> Ks^fc^- F±"Coo 

1 5 5 0 nm? 4 > F * ft £ * *> t Wm.-t2> i t ft* V>) , *1>gB 

fl7tO»V-^ 3 0 5SW»lDWDMli«3 2 0*flt*_* ( 

x.&v^) , FIG. 3 A, 3 B J: 9 K> **rx*^y F.x> Fii|fe^#:t t 

T3 0 0 -C^)«9> l^/2^0^y Kx> F/^^tt^-frt LT 3 3 0 
, y - FWtft##fc LT3 6 0"e&& (4MK3 6 0 a, 3 6 0 b#^) (SiSt 
ifcffirfrSfr K£>lf& tot, -5 Kg^Sft-nin&j&s, ITUif 

& o ) 

[0 0 19] 

EUcj3V>Tli^J**^y Kxy Ft-lSfi? tt"CV>S DWDMliH3 2 0 Ji^ 
F 3 > T > 7 (i 7 1 D /tit l/t' -7 a >ff X - r 7 Mfc3*lfc*J-- kf* 

[0 0 2 0] 

TTvr&m&V-X 3 0 5 ^ffi^iiifflLtl'^iV (00*.tf$j + 1 7 d Bm 



(15) #312 00 3-5 24 3 1 3 

) *-C3feJgl63*l* 3 0 7, 4 0 km* (frlfcf "7 h77^A-e&*)) J£- 
*-K7r-f^ (SME) ^Lt l*S2$v^y hWSMStt 

-f^ififW (EDFA) 3 3 5 K J: o T#£«#(iM $ tl, ? - ^7 h tr**£ 

[0 0 2 1 ] 

AM3£:ft£ffl^T#aifc$*l> uytfy-y Y m^tWfrM* tlX , ftjft<0«« 
*3V^T. 7 - K 3 6 0 li 1 ^t/ 2^Ay Kx> K^t, T2 0kmJ ^tLT^£fi 

[0 0 2 2] 

FIG. 3 A. 3Bi:IoT, icD— #!l £ LT «f A (C^v>Tfi> DWD 

nrtg-e*4 £ £ £Sf»3*Lfc^ 0 iW8f ©tgliv;kf 7V^t3 2 5 K 
^ v^-*Of -367 r 'f /^i^? tii (2 0 0 G H z H8fli£fflv>t\ 8#<£> 

f-y°l^y^-3 5 5) MS^fi. fl»77mtl^^l TU^'J y Kjft 
S££a«^=b^> — ^olji— 36-7 r4 ^K&^XZtib&MV* (#tfc, T~?)\<?- 
~7V?*T 3 5 5 li«^*7r W /*_kfcfc< fci&fc, £*Le,^S*^Kt^-*) 
tctbKm^bti&o SMEiiMM?t^oTJ:i/>^ »SMFii|? 

W^-3fc7 7'f^^-7^[:3ftt'5 £ t ^#4 (#*7r-fA^-7 
;H{M<7>*7 7^^CJ;o"CSi?li4) a 4 OkmM^li, 1%i/2&l<d 
Kjc> KRUJWfffcfcv^ i&^3*Lfcifc£l*EDFA 3 5 7 K J: o T3f ipM 
2*1, %<Dfa.X, «J^7 7-f A3 5 5-C^«l§*L4 0 RKftlEL^J: 7 fc, 
h^b? tL7fe#^-e^^ft{i^$tL7tT7"n^#m^<7) iota* 



(16) 9$il2 00 3-5 2 43 1 3 

^Lty - K3 6 0 KBB#$*L&o *77'f^V- K3 6 0 y - F^MiT 

I^X. & o 

[0 0 2 3] 

h7-^^O^i&*$i^-T^i LK£ *K FIG. 3 A, 3B 

7,t ufi^ti^o mi^-r-yx-r&K&^T, u&ffi&zntz 1310/1 

5 5 0 nmV-f (— iRKDEB) fi^- K 3 6 0 KifrfeTSo K (ffl 

x.f*\ iooo-i2ooiAf) tr^^^tta^^-^^^^i^res.^ 

JS^^«l#MRF#-^t*DWDM^'-^f 3 8 5 teit*o ^tB^fi';>^ ( 
r2 0kmj <hLT^$tt^>) *ix.T 1 ^c/ 2 ^©a Kx^/ K 3 3 0 ^1?) 
fl, I TU^'J 7 KDWDMl--fIfl3 8 5 *fiMit 

fcffrfc, y ^->§fi3 8 0 K Z^XWtmZtl, ^oifif@£*i& 0 U-f 38 
5i*> 4 0 km^Mx-TfSMb, YX^a-; K 3 0 OAgU %tl)ekm<D 

[0 0 2 4] 

BEfcftflBLfcJ: $ ic, FIG. 3A, 3 Bi:*n^7-^Mf tt> 
y h7-^^^Ay K#*£y- Ki^O 1 5 5 0 nm^ > 

u4 z&m-r&titbKmmt LT$>mwffi-c$>&o 



(17) #^2 0 0 3-5 243 1 3 

[0 0 2 5] 

I I . fflm.%LX 9 y * y 7 

M f $iWiK 9 -y *y FZ/T.'T-k H*3i/>T, 5-4 2MH z V ^ - > MMwi^ity" 
A (FSS) ^M-r&^&fiJ&fi, /^Stt^*- A^^«9 COV^-^^ 

[0 0 2 6 ] 

FIG. 4li*tJ:^: y - K«fifc£gyrr;£> & tf\ S«y-K 

*td*l 2 0 O^-A/N^y- K-CJ&JU*, A lift 2 9 KHz<D*£fiE£ 

tL^i^^j^ii^^oz: t (^tm, 3 5mh z-£fc$mmwm-e$>& *> 

U LTtr^oT, IrJ^ilig^iil^titlJ^^T^it^-e^^) 0 FIG. 
4 i-C^-f J; i m$l^X<n&X, -tftfo-loR F ?# 1 , R Fl"7 ^# 2 . 
1 o<7)^ h V -Aic^^tt^RF-e^^o 
[0 0 2 7 ] 

y - FI*)(DR F^U ^Mtl> i 1 1 ll^^a i 1 1: J: ^>Ii:# < <Dli 

o mm; - kkmk i ?-ym4§m;*m\\-t2>zk*nM-t2>t^ m^m 

[0 0 2 8] 



(18) #^2 00 3-5 243 1 3 

<D3 5MH z MPS£#o 0 ^^ftSffittfiR F* * y * 3 *i> D * - > V - *9* 
i:j§lfe*i4o F I G. 5X^6 liiwB2ltfl}J***To 
[0 0 2 9] 

FIG. Kxk-TX. ) K> F S S^rAiiin4«<7)±IiiI 

t k t* w# & < m k # v> t « *ire& itLP, *>«fifc3?*«>#* COV^ 
[0 0 3 0] 

C->7l>no FIG. K^k-t^^K£>^X, RFUy^#*li, 5 

0 - 4 0 0MH zMMwMft<vm%:&MmmM^Ty ^3y^-h?*L* e /nM 

Wo 

[0 0 3 1 ] 

5 0 - 4 0 0 MH z *KftV»T^it4 
<fc $ tKttS*Lfc7* V- K't;*2Hgl*5 1 0 it, T y ? 5 0 0 frh 

[0 0 3 2] 

FSSMi (BCR) 5 2 0 %>jE1%V (FIG. 4«RP 

R 4 10) tli^^l> 0 y±U- F;*xmKMte2tlti^U 

5 2 0lin>*y? fRF ttJTJ 2>o tOJIlftrtKli^n? 

hMiS^^^ ^ 5 3 0 K «fcoT*ife3*l 



(19) ^2 0 0 3-5 243 1 3 

, %<Dm$k> 7^3M- h 2tltzmi&*%tlt><7)7€<V5 - 4 2MH zX^? 

u v ? yyy^y^*-? (bcd) 5 3 o hj\ mm; - kk&v>tto$ 

4"f@60^5lL^ 5 - 4 2MH zililTO^Mft-r^o £ *t£> <£>iBij fi\ 'J 
[0 0 3 3] 

III. DWDMtMt^^7^>«^f A 
DWDMlffF S S ^X-rAlc^i-^>|ff^(7)|2^^#HSLT. FIG. 
9f*> ^ fibril, ^ll^o^^fA^.ll, §2, fil3<7>*»ll£ 
^-To &*<ry%m±. *y F v - >J ^ - ^ffiMXtf V ^ - > F 7>.x#- F 

/^*3^T3 2«<?D5 -4 2 M H z V * - ^^m^W^ i ^rnrtg^-r^ <K 9 K 

3 k , i tu^*'j -y Fmmmv mnmm^. * ? * ^ ^ * r- a 

(FIG. 7<7)*^ F 7-^T-^r-r^^^{i l^c/2^c7)^^ Fx 

> VKDWDMmiS^*ffi&L, FIG. 8 tfy - Kfc D WDMifl^^fll L 

> FIG. 9 \tW&ML*? *;*>mf A^1^/2^(7)A7 Koffl 
^i:DWDMlfI^Mt^) o 

[0 0 3 4] 

FIG. 7<7)iSl*Jfi^SiKi3^T, ITU^'J?KDWDMlH7 5 0(i 
ff LTcoy- Kf±7 6 0T&&) ^£*t&Ty 7 6 6 £ 

- F/U^n-; ^tfc^Hta (B C R) 7 3 5 K J: oT^|g$ tL&o 
[0 0 3 5] 

^^^#»^<7)R Fm^fc^^w^^^&^F S S *y 



(20) #^2 00 3-5 243 1 3 

g£3foDWDMj§#|i7 5 O^»3f5£$*t&o F I G. 7 K^tm^^m 

mSi\u ztit><7>%;mm<v&*K4'm<Dmwi.m5 -4 2mh zM^^ifc'fc 

[0 0 3 6] 

WxJff 2 0 0 GH z MPgSrfflV^fc, FIG. 7 <a«J&fi 8««>j§|#«7 5 0 

-<^±.iZ3 2m<DmWiM5-4 2MEzMM%m (1. 12 GHz) WL 
> Wio'C, F S S £ DWDM<&*&#ri*if;iU$ir:*teKy > 9 t 

[0 0 3 7] 

Mft^v^T'V^Kis^Tid:, SiBoSESfc) #8£$*U>o HtfiUftftJE 
(MftCMLTlo) BCR 7 8 0^IM5c?^ o £*L<=>CD^€ 

^#^9 FRFft^BCR 7 8 0 ^£ ^ y a >vt- ? 7 9 0 ^i&KrtBjg-*-* 
i t K «fc oT^TflTlfe-CSfe&o 7 9 0frt,<D4ffi<D5 -4 2M 

Hz R F itit) i±y 4 - ;v K y - F 7 6 O'v^*-* - * 4«<ara# W^fc*h£U 

[0 0 3 8] 

fcfiU SUBSET- A©HA)5^t^tf, ^9 va^^-^O-ttfflKiM-f *@ 



(21) #^2 003-5 243 1 3 

2 MHz l^>vKi3tt£RF#^£^M^-r&«9> tItl>Mi:KLTi(7) 

i.tili(?)ff^it^*j|wc ATYfa-tiMv^, 1 

[0 0 3 9] 

fig. 8 tc^-r^Bj<7)^2*^ii^^v^T, fig. 7 <?>m& tmwn<D 

DWDMj£#$m^- Fft^geS^tl (FIG. 8K£tf;g>ii^#:i LT08 6 
5) ^ 7s? V9 SttTfcRF^KJoTlEi&Sfr&o L£# s oT, ^LftLfciRg 
fi. ITUlft (^t'cHfci: LT<7) 8 6 6 ) <fc o T 1 ^c/ 2 3c<7>^ ? Kx > K 

[0 0 4 0] 
[0 0 4 1 ] 

»2*^Bi^^ffi^W-r^> 1 o^g&MJi:. l^c/2^<?)^y Kx> K 
<VftK&nT&T?irjymW<VWJ?mx*&2> 0 FIG. 8 J: 



(22) #^2 00 3-5 243 1 

& %> fiK SJ££ iiC fEifc Z ft & &tm&^<D * 4:f>f DWDMgfttM 
[0 0 4 2] 

*^0J<?5^3*lfeBl^WLT, FIG. 9 it 2%Z.<D^ y Kx> K^ — 

<7)Wfflte^^X\±mtetftMmfr-?$>&) 9 0 0SlFDWDMl/-f 9 1 0 a-d 
/DWDMv^fyi/^fg 2 0 <?)W^{i^T 1^c/2^a ? F'x> Kft^ffi 

9 3 0 KJ:oTfftftL4o 

[0 0 4 3] 

2>o FIG. 2CW'!'h7-^T-*f?fifi:goT#miiiU 
2^ (Xfim) ^^K^T, FIG. 9 tcj^^ 3 *«l^3i t W#H, 'j 
-^/^^-^{ijgm^^^^r^^ (FS) Mfffln^DWDMV-f 

> ftttn&KWSL (CDMA) > JS«tMJ#7G®ilt (F DM A) . ttM3*| 
^SSR (T DMA) , XteZtlh<Djo^<D&McDm.& J &X~$>Z> 0 ifAStl*:^ 

> * )U<7)i$.m £ S^kt- ^ * ic , i*^3tifcDWDM/FS^? hv-? 

r-^f^ftt^CDMA, F DMA, TDMA©ftt©i#**ftfflt4 

O 

[0 0 4 4] 

/t- h 9 l: f ^ §1 ** L < f^t 4 o £*tii> 4#<DT y 7°=r > 

StlfcV ^-^^JSig&fcT'n y ^ (5-4 2MHz) ©3>*°yy FRFX^ 



(23) ^2003-5 243 1 3 

^ MV^-TF I G. 10fc*3*i*o ioWK*v»T, jtf^ny >3£f ( 

M*F##«t> DWDMV s*-X\s-4f$kfe1gk<D&**m$to-t2> 

£itf>Km^hiiZ>o DWDMU—^fm^Wt, 15 5 0 nmtftl«i:fe^t^ 

^t&^Mvym&kmffiK, -^fr^-yut-y-g 2 0 {*> fh0»»ss 

V3VA-?^7 htfiS*^ 41®<7>MI<D 5 - 4 2 M 

[0 0 4 5] 

FIG. 11 lijBr#3*LfcF S S/DWDM«7°n-fex§r^-r 0 HUc^f J: 
■5 fc* &*S*l&fe|£&J& 1 oco^— 3 7 MH z -b^pt > h fi^- 74 
KHz (5 0 0*-A^7-Ki:tL) Jiifc^ * v * > ? (4 

««) <D*i6li**-fe^ > l 4 8MH z^#*3*, Wiot, *- 

W^g-tr^pt > h<7> 3 2^, -ft £ jo% 1 1 8 4MH z KJf^U 'tflK J; o T> 
«9 V ^ 2 . 3 6 8MHz Kif;*;i-;g>o 
[0 0 4 6] 

[0 0 4 7] 
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m t? -r t k x *) \>xr <r> wm %m&fr h m k m & k & & a r -e& & 0 
[01] 

FIG. 1 it, f*^7r -4 Jmm j r-'7)\<m& (HFC) TVI^7- 
[02] 

FIG. 2t4> DWDMt^t'Jr^I^yhy-^r-^f^f^** 

[S3] 

FIG. 3 A 14, S$CATV*)i^fAWDWDM*-^- W KM"*-* 
[134] 

FIG. 3BJ4, H^C AT VlIv'^fA^DWDM^'-^'- V-f &-H0i~& 
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